The differential display reverse transcriptional polymerase chain reaction (DD-RT-PCR) was used to hunt for cDNA fragments specifically expressed by taxol treatment of HeLa cells. Forty-eight cDNA clones were differentially displayed through the experiments. The cDNA fragments obtained were separately spotted onto glass slides to prepare a tailor-made DNA chip. The gene expression pattern of differentially displayed cDNA fragments were checked by DNA microarray analysis.
Introduction
A mitotic inhibitor suppresses the active cells proliferation, which is the most characteristic property of cancer cell. Mitotic inhibitors can be classified into two groups by their mode of action. The first involves reagents that directly act on mi totic machinery, and the second group are reagents that affect the intermediary metabolism causing a inhibition of cell division. The drug taxol used in this study, belongs to the former group. Microtu bules are the vital element forming the spindle structure which is the main mitotic machinery in eukaryotic cells, and thus become a target for in hibitors of cell division (Niitani and Hisakatsu, 1993) Colchicine and Vinca alkaloids are known as compounds acting on microtubules directly, and their mode of action is inhibition of microtubule polymerization. (Andreu and Timasheff, 1982; Wilson et al., 1975) Taxol, which has been attract ing attention as an anti-cancer reagent in the clin ical field, has a unique mode of action that involves a promotion of microtubule polymeriza tion, and obstruction of its depolymerization (Wani et al., 1971) Taxol directly affects microtu bules; in addition, it has a completely different ef fect that inhibits the function of an apoptosis re straining protein "bcl-2", to finally induce apoptosis (Liu et al., 1994) . At present, tough re search on the microtubule taxol binding site and the elucidation of the induction mechanism of apoptosis by taxol is widely carried out, but the whole process has not yet been resolved.
We searched for cDNA fragments specifically expressed by taxol treatment, expecting this study would assist the elucidation of mode of taxol ac tion. HeLa cells were used as model cancer cells, and the "differential display reverse transcrip tional PCR" technique (DD-RTPCR) was em ployed for hunting specific gene fragments. (Liang and Pardee, 1992) The new technique, "DNA microarray method" was performed as a tool to verify the obtained gene expression (Schena et al, 1995) .
Materials and Methods

Cell and cell culture
HeLa Cells (clone RCB0007) were obtained from RIKEN Cell Bank, Institute of Physical and Chemical Research (RIKEN) (Ibaraki Japan) and maintained by routine replacement of fresh medium according to the conditions described be low. Cell lines was cultured at 37 °C in a medium consisting of MEM, which is Dulbecco's modified Eagle medium (Dainippon Pharm. Co., Osaka, Japan), supplemented with sodium bicarbonate 
Differential display RT-PCR(DD-RT-PCR)
Taxol was administrated to HeLa cell cultures one day after medium replacement at conc. of 117 nM for three hours. Cells were harvested by scrap ing. Total RNA from harvested cells was isolated using Quick Prep RNA extraction kit (Amersham Pharmacia Biotech UK Ltd., Buckinghamshire, England). Differential display RT-PCR (DD-RT-PCR) was carried out between RNA from taxoltreated HeLa cells and non-treated HeLa cells ac cording to the previously reported procedures. (Yoshida 1994 ) For DD-RT-PCR, 240 sets of arbi trary primers (BEX Co., Ltd, Tokyo CJapan) were employed. DD-RT-PCR products were subjected to 1.5% agarose gel electrophoresis to compare amplified products generated from the taxoltreated group with the non-treated group.
Cloning o f cDNA fragments and DNA sequencing
The differentially displayed cDNA fragments were subcloned in pT7Blue T-vector (Novagen,-Inc., Madison, WI, USA) by conventional TA clon ing methods. After purification of the plasmid DNA, each clone was sequenced with a model ABI Prism 310 genetic analyzer (PE Biosystems, Foster City, Calif., USA). Obtained sequence data were subjected to a homology search study by using the § BLAST algorithm on network service. (URL: O http://www.ddbj.nig.ac.jp/E-mail/homology-j.html)
DNA microarray analysis
The differentially displayed cDNA fragments amplified by PCR were spotted onto a slide glass using DNA chip preparation equipment(GMS417-arrayer, Takara Shuzo Co., Kyoto, Japan) to pre pare the DNA microarray on which the dif ferential displayed cDNA fragments are aligned. (Type of cDNA spotted and coordinates on the chip are described in the legend of Fig. 2 .) mRNA (ca.2 mg) prepared from taxol-treated cell was re versely transcribed by AMV RTaseXL (Takara Shuzo Co., Kyoto, Japan) for labeling with fluores cent dye Cy5 (Molecular Probes, Inc., Eugene,OR, USA), incorporating Cy5-dUTP. According to a similar procedure, mRNA (ca.2 mg) prepared from non-treated cells was subjected to fluores cent labeling with Cy3-dUTP as a control. An equal amount of the two kind of samples were mixed and the resulting mixture was hybridized onto the above-mentioned DNA microarray. After washing and drying, the hybridized a DNA micro array was scanned by a DNA microarray analyzer(GMS418Array Scanner, Takara Shuzo Co., Ja pan). After scanning for each fluorescent dye separately, the red color was superimposed for Cy3 as a false color image and Cy5 was given a green as a false color image.
Results and Discussion
Evaluation o f taxol-sensitivity o f HeLa cell and acquisition o f taxol tolerant cells
HeLa cell RCB0007 was innoculated to media containing various concentrations of taxol (0 to 1 ppm) to evaluate cell viability by the crystal violet staining method. The IC50 of HeLa cell RCB0007 against taxol was estimated to be 67 nM. (Fig. 1 ) In addition, a taxol-tolerant cell line was acquired by gradually rising the taxol concentration every sub culturing. IC50 of the tolerant cell obtained is esti mated to be more than 5.1 nM (Fig. 1 ). We conducted the differential display RT-PCR (DD-RT-PCR) for acquiring the genes specifically expressed by taxol application according to the methods described above. The forty eight cDNA fragments obtained, are shown in Table I . The ex pression patterns of gene groups were analyzed by the DNA microarray method.
Expression analysis o f differentially displayed genes
After scanning for each fluorescent dye sepa rately, the red color was superimposed for Cy3 as a false color image and Cy5 was given a green false color image (Fig. 2 (A) a similar manner (Fig. 2 (B) ). The expression ra tios of each spot in Fig. 2 are represented as gene pies (Fig. 3) . The position of each pie corresponds to the coordinate position of each spot in Fig. 2 . The red/green ratios in each respective pie show the Cy3/Cy5 ratios. Fig. 3 (A) and (B) correspond with (A) and (B) in Fig. 2 . The DNAs spotted onto the slide glass microarray are the cDNA fragments obtained from HeLa cells as the taxol-inducible genes by DD-RT-PCR. However, DNA microar ray analysis between taxol-treated HeLa cells and normal HeLa cells show that no gene was specifi cally expressed by taxol treatment (Fig. 3 (A) ). Although the cause of this result is uncertain, the taxol treatment condition might be too severe for treated cells to be viable enough to recover mRNA. Next, an analysis between taxol-tolerant HeLa cells and normal HeLa cells was carried out by using the same DNA microarray to reveale some genes were specifically expressed in taxoltolerant cells (Fig. 2 (B) ). We found several clones specifically expressed in taxol-tolerant HeLa cells, however unfortunately signal strengths was gen erally weak, so that spots with less than four times strength difference were considered to be false positive clones. Among the genes shown in Ta ble I, only five clones, B -ll, B-12, C-8, D-8 and D-9, were positive clones that were specifically ex pressed in taxol-tolerant cells (Fig. 3 (B) ). Among theese, clone D-8 has no homology to reported genes; the other four cDNAs however showed ho mologies strongly to the human genes. B ll and B12 are both homologous to human caldesmon gene, which is a calcium binding protein distrib uted in smooth muscle and non-muscle cells, and should plays a vital role in the actomyosin system (Yano et al., 1995) . The level of caldesmon (both protein and mRNA) is enhanced by glucocorti coids (Castellino et al., 1995) . Recently, it has been demonstrated that glucocorticoids selectively in hibited taxol-induced apoptosis without affecting the ability of taxol to induce microtubule bundling and mitotic arrest (Huang et al., 2000) . This finding suggests that apoptotic cell death induced by taxol may occur via a pathway independent of mitotic arrest. It is suggested that glucocorticoids could antagonize taxol-mediated NF-kappaB nuclear translocation and activation through induction of IkappaB-alpha protein synthesis. According to our present study, the transcriptional level of the cald esmon gene was suggested to be elevated by taxol treatment. Concurrently, the endogenous gluco corticoid level should also be raised. Accordingly, antagonism to the NF-kappaB nuclear transloca tion by the elevation of endogenous glucocorticoid levels should be participate with a taxol-tolerant mechanism. C-8 is a homologue to the putative hu man Zinc finger transcriptional factor (ZNF207), which was identified as the gene specifically ex pressed in human vascular smooth muscle cells (VSMC) by differential display RT-PCR (Pahl et al., 1998) . The role of ZNF207 has not been clear, this result suggests that ZNF207 participates in the taxol tolerance mechanism. ZNF207 may have a critical role in basic cellular function. D-9 is a ho mologue of the gene for a ubiquitin-specific prote ase, UBP41, with isopeptidase activity in chick skeletal muscle (Baek et al., 1997) . UBP41 is as sumed to play an important role in the recycling of ubiquitin by hydrolysis of branched poly-ubiquitinated protein substrates. The above result sug gests that recycling of ubiquitin in a cell might par ticipate in the expression of taxol-tolerance. In this study, expression analysis of 48 cDNA fragments obtained by DD-RT-PCR was per formed by the DNA micro array method. DD-RT-PCR method has been considered to be simple and easy method for differential gene screening, however its reproducibility is believed to be very low. In this study, we have shown that the DNA microarray technique is useful to check differenti ally displayed false positive clones. In the near fu ture, various kinds of humans DNA chips will be available. However the applicable range of DNA microarray method should be carefully examined because it is a just developing technology.
